Abstract. Oolitic hematite is widely distributed and counted about 10% of the total iron ore resources in China. The powders mixture of the oolitic hematite, the graphite, and the calcium hydroxide was extruded into the cylindrical pieces in the mold by a 10MPa pressure, and reduced in microwave at 1373K. The microstructure and the metallization rate of the sample were studied by optical microscope and chemical analysis. The result shows that the metallization rate increased either with the time extending from 2.0h to 3.5h, or with the C/O atomic ratio increasing from 1.0 to 1.3, or with the binary basicity increasing from 0.16 to 1.5, and the highest value was up to 94.7% on the condition that the atomic ratio C/O is 1.3, the basicity of the sample is 1.5, and the holding time is 3.5h.
Introduction
Oolitic hematite is widely distributed and counted about 10% of the total iron ore resources in China [1] . This type of minerals exists in the form of oolitic, the hematite, quartz, clay and other gangues wrapped in layers has a multilayer structure and finely disseminated. There are not obvious boundaries between iron mineral layer and gangue layer. It is difficult to realize the separation of iron mineral from oolitic hematite with high cost and low efficiency [2, 3] .
The microwave in mineral processing has an advantage to heat selectively and/or to accelerate chemical reactions. Iron minerals in oolitic hematite have a more favorable absorbability to microwave than that of the silicate [4] . It is reported that the reduction rate of iron oxide can be promoted by means of microwave heating and the useful minerals separated effectively [5] [6] [7] [8] .
In this study, the atomic ratio of Carbon in the reducing agent to Oxygen in the iron oxides of the oolitic hematite, the time at reduction temperature 1373K, and the binary basicity are all taken into consideration to understand the effects on reduction with the technology assisted by microwave radiation.
Experiment
The oolitic hematite ores taken from HeZhang of Guizhou province in China were crushed and ground into powder. The main chemical composition of the oolitic hematite was shown in Table 1 . The hematite is the main form of the component Iron. The main chemical composition of the graphite taken as reducing agent is as follows: 98.0% (mass percent) fixed carbon, 1.2% ash, 0.5% volatile, and 0.24% moisture. The analytically pure calcium hydroxide (Ca(OH) 2 ) was used as a basic oxide to adjust the basicity of the samples according to the experimental parameters.
The main parameters of the experiment were selected as follows: the atomic ratio (C/O) of Carbon in the reducing agent to Oxygen in the iron oxides of the oolitic hematite is 1.0, 1.1, 1.2, 1.3 and 1.4 respectively at 1373K, 3.5h and R=0.5; the holding time at reduction temperature 1373K is 2.0, 2.5, 3.0, 3.5 and 4.0 hour respectively at C/O=1.3 and R=0.5; and the binary basicity (R) of the samples is 0.5, 1.0, 1.5 and 2.0 respectively at 1373K, 3.0h and C/O=1.2. The nature binary basicity of the oolitic hematite powder is 0.16.
The powder particle distribution of the oolitic hematite in the experiment was shown in Table 2 . The powders of the oolitic hematite, the graphite, and the calcium hydroxide were weighed according to the experimental parameters and mixed uniformly and completely. The mixture was extruded into the cylindrical pieces with a 30mm diameter and about 12mm height in the mold by a 10MPa pressure and dried at 378K for 6h. Then, the cylindrical sample was placed into the graphite crucible with a 5mm thick corundum on the bottom, covered with a graphite plate, heated in the MKX-M1 Industrial microwave furnace up to 1373K, and held for the designed time. The sample cooled to room temperature in the furnace was sawed off radially into two equal parts by hand. One part was crushed and milled to less than 0.075mm for chemical composition analysis and the determination of metallic iron [9] , and another part was prepared for optical microscope observation by the conventional methods.
Results and Discussions
The microstructure of the sample with C/O=1.0 and R=0.5 heated at 1373K for 3.0h is shown in Figure 1 . There are about three different microstructures on the optical photograph marked by A, B and C respectively. The phase marked by A shown in light grey is metallic iron, the microstructure labeled by B shown in grey is the remain oxides, and the area indicated by C shown in dark grey is hollows either produced by the consumption of the reducing agent and the oxygen in the iron oxides, or caused by peeled off during the sample preparation. Based on the powder particle distribution of the oolitic hematite, it can be seen that metallic iron was evidently developed by diffusion and combination (see Table 2 and Figure 1 ). The metallization rate of the samples with R=0.5 and heated at 1373K for 3.5h increased correspondingly with the C/O atomic ratio increasing from 1.0 to 1.3, but decreased slightly from 1.3 to 1.4 (see Figure 2) . Ordinarily, the increase of the C/O atomic ratio in the sample is equal to increasing the interfacial area of the solid-solid contact, increasing the oxidation-reduction reaction speed between the graphite and the iron oxides, and increasing the metallization rate. The reason why the metallization rate decreased slightly at C/O=1.4 compare to C/O=1.3 might be concerned with the ashes whose amount in the sample increased accordingly with the C/O atomic ratio increasing. The oxidation-reduction reaction between the graphite and the iron oxides would be hindered by the ash in the graphite on the condition that the amount of the ashes increased up to a certain content. Moreover, the higher the C/O atomic ratio, the higher the reaction speed, and the higher the volatile rate of iron with the carbon oxides generating rapidly.
Based on the results above that the metallization rate of the sample with R=0.5, C/O=1.3 and heated at 1373K for 3.5h was the maximum value, the atomic ratio C/O=1.3 was taken as a experimental parameter. The metallization rate of the samples with R=0.5, C/O=1.3 and heated at 1373K increased accordingly with the time increasing from 2.0h to 3.5h, but decreased slightly from 3.5h to 4.0h (see Figure 3) . It can be thought that the carbon diffusion in the particles of the oolitic hematite was the rate controlling step in the experimental conditions. Therefore, the metallization rate should be increased with the reaction time prolonging. When the time was more than 3.5h, the metallization rate decreased slightly at 4.0h (see Figure 3) . it is a possible reason that the reduction rate may be less than the volatile speed of metallic iron at the last period of reaction.
The metallization rate of the samples with C/O=1.2 and heated at 1373K for 3.0h increased correspondingly with the basicity increasing from 0.16 to 1.5, but decreased from 1.5 to 2.0 (see Figure 4) . The calcium oxide in the sample should be reacted with the silica and/or the alumina in the oolitic hematite as the substitute of the iron oxides. Therefore, the reaction speed between the graphite and the iron oxides, and the metallization rate should be increased reasonably with the basicity increasing. Based on the effect of the interfacial area of the solid-solid contact on the reaction speed, that the interfacial area of the graphite and the iron oxides decreased with the basicity increasing might be the reason why the metallization rate decreased from 1.5 to 2.0 (see Figure 4 ). 
Conclusions
(1) The metallization rate of the oolitic hematite increased correspondingly at 1373K either with the time extending from 2.0h to 3.5h, or with the C/O atomic ratio increasing from 1.0 to 1.3, or with the binary basicity increasing from 0.16 to 1.5.
(2) The highest metallization rate of the samples in this study was up to 94.7% on the condition that the sample with the atomic ratio C/O =1.3 and the basicity R=1.5 heated at 1373K for 3.5h in the microwave.
(3) The metallic iron reduced by the graphite in a netlike shaped by irregular bulk, granulate, or strip was evidently developed by diffusion and combination.
